Evidence of Cu formation in the illuminated area of the measured bare Cu 2 O electrodes is provided by SEM ( Figure S1 ), X-ray photelectron spectroscopy (XPS) spectroscopy ( Figure S2 ), and Xray diffraction ( Figure S4 ). First, bright nanoparticles were observed on the surface of the Cu 2 O grains by SEM after PEC measurement, which appeared by visual inspection as a black circle in the illuminated area ( Figure S1 ). Depth profile XPS analysis was performed on bare Cu 2 O samples before and after PEC measurement. Before PEC measurement, a native CuO surface oxide was indicated in the Cu 2p region of the XPS spectrum by a shoulder at 933.8 eV and a satellite structure at the higher binding energy side (not shown). The CuO signal disappeared after 30 seconds of sputtering, indicating that the native oxide was less than 2 nm in thickness. The quantification analysis after the first sputtering cycle for the as-deposited sample from the Cu 2p and the O 2p peaks showed a Cu/O ratio that was constant with sputtering time and close to the expected value of 2.77 due to a preferential SUPPLEMENTARY INFORMATION
oxygen sputtering 1 . After PEC stability measurement, the quantification analysis showed Cu/O values between 3.5 and 7.5, according to the duration of sputtering, indicating enrichment of copper relative to the as-deposited Cu 2 O. We therefore conclude that the sample measured after PEC is a mixture of Cu (formed via reaction (1) of the main text) and Cu 2 O. An XRD peak for Cu metal was also observed after PEC measurement ( Figure S4 ), which was absent in XRD spectra of the as-deposited sample. Table 1 
Role of the ZnO buffer layer and Al 2 O 3 doping (this discussion refers to

of the main text)
The ZnO buffer layer between the Cu 2 O and TiO 2 was critical to improve the stability of the photocurrent. This can be seen by comparing the bare electrode (sample 1), Cu 2 O/11 nm TiO 2 electrode (sample 2) and the Cu 2 O/20 nm ZnO/11 nm TiO 2 electrode (sample 3). For the bare electrode, the photocurrent was very unstable and decayed to 0% of its initial value after 5 minutes (Figure 1 a) .
Depositing 11 nm of TiO 2 on the surface did little to enhance the stability, as the photocurrent again decayed to 0% of its initial value after 20 minutes. It should be noted that increasing the TiO 2 thickness did not increase the stability, and electrodes with 30 nm TiO 2 protective layers still decayed to 0% of their initial value after 20 minutes. However, if 20 nm of ZnO was used as a buffer layer between the Cu 2 O and TiO 2 , the initial photocurrent was greatly improved to -7.8 mA cm -2 and retained 14% of its initial value after 20 minutes (sample 3), a vast improvement over both the bare and TiO 2 -only samples.
The hypothesis is that the ZnO buffer is acting as a nucleation layer to control the mechanism of TiO 2 growth. The TiO 2 growth is presumably layer-by-layer on the fresh ZnO and island growth on the nm (sample 4), the photocurrent remained the same as the ZnO-only sample, but the stability improved to 33% of the initial photocurrent after 20 minutes. When the Al 2 O 3 layers were placed every 2 nm, the stability further improved to retain 53% of its initial value after 20 minutes of illumination at 0 V vs.
RHE, but was accompanied by a drop in the initial photocurrent to -4.7 mA cm -2 , presumably due to the high aluminum content that increased the resistance of the protective layer either through tunnel barriers or through reduced electron mobility.
To further elucidate the effect of Al, Al 2 O 3 layers 0.9 nm in thickness were placed at the Figure S3 . For the as-deposited films, the carrier densities for the Al 3+ atom fractions of 1.4%, 2.2% and 4.3% were -5.0 x 10 19 cm -3 , -7.9x10 19 cm -3 and -1.9x10 20 cm -3 respectively; which was much lower than the expected Al 3+ atom concentration of 5.7x10 20 cm cm -3 , 9.3x10 20 cm -3 and 1.8x10 21 cm -3 respectively. After heat treating the films for 60 min at 200 o C in air, the carrier concentration in the ZnO dropped dramatically to -3.6x10 16 cm -3 , -3.8x10 17 cm -3 and -1.1x10 18 cm -3 for respective Al 3+ atom fractions of 1.4%, 2.2% and 4.3%. In the as-deposited case, the carrier concentration was approximately 10% of the expected Al 3+ atom concentration, indicating that 90% of the aluminum was not serving as an electron donor, but was instead serving a different role. The effect was even more dramatic after heat treatment, where less than 0.1% of the Al 3+ was serving as an electron donor. We believe this indicates that the Al 3+ was serving a structural role, perhaps as an 
Formation of Ti 3+ in the amorphous TiO 2 layer
The theory of Ti 3+ formation in the TiO 2 layer was tested by a mild in-situ air oxidation cycle at room temperature in the photoelectrochemical cell by the following procedure. Prior to any PEC measurements, the electrolyte was purged with N 2 for at least 15 minutes. A 20 minute stability measurement was carried out under chopped illumination and N 2 purging. After the stability measurement, the electrolyte was purged in the dark with air for 15 minutes, followed by a 15 minute N 2 purge, to complete an air/N 2 purge cycle. Another 20 minute stability measurement was then recorded, followed by another air/N 2 purge cycle. Thus after each 20 minute stability measurement under N 2 purging, an air/N 2 purge cycle was completed before starting the next 20 minute stability measurement.
The results for a heat-treated Cu by an air/N 2 purge cycle. We believe this result indicates that a critical concentration of Ti 3+ traps was reached that the air/N 2 purge cycle was insufficient to reverse and thus the initial photocurrent could not be restored.
The mechanism proposed for the photocurrent decay is consistent with the XPS Ti 2p signals plotted in Figure S11 . The peak at 459 eV is due to Ti 4+ and the shoulder around 457 eV is due to Ti 3+ .
In an untested sample ( Figure S11a 
